Background and Aims Alcohol's harms to others (AHTO) may cause substantial distress, particularly when harms are
INTRODUCTION
There is a growing interest in the myriad ways in which heavy drinkers can harm other people, including partners, friends and members of society at large [1] . Collectively, these effects of heavy drinking are referred to as alcohol's harm to others (AHTO) or second-hand effects of alcohol [2] . In the United States, the prevalence of life-time harms ranges from approximately 7% for financial harms to 28% for assault by someone who had been drinking [3] , with past-year prevalence markedly lower (1-2 and 3-4%, respectively) [3] but quite stable over time [4] . Quantifying mental health and quality of life of those affected by others' drinking has garnered recent attention in the United States [4] [5] [6] , Australia [7, 8] and New Zealand [9, 10] . One important limitation of prior work in this area is that many possible confounders have been ignored when assessing mental health impacts of AHTO. To address this limitation, we utilize propensity scoring (PS) methods to examine mental health in relation to two types of alcohol-related harms-financial harm and assault-reported by a population-representative sample of US adults. [7] [8] [9] [10] [11] [12] [13] [14] [15] . One recent study using the 2010 US National Alcohol Survey (NAS) [6] showed four harms from other drinkers-family/marriage difficulties; financial troubles; being pushed, hit or assaulted; having property vandalized-each showed a strong, independent association with depression and distress. A later analysis of the 2015 NAS [5] found harms incurred due to the drinking of known others-that is, a partner/spouse, family member or friend-were associated with recent depression or anxiety, but harms due to a stranger's drinking were not.
Those harmed by other drinkers may differ in many ways from those not so harmed. For example, people who are heavy drinkers [6] and those with parents or other relatives with alcohol use disorders [5] are more likely to report AHTO as adults. To date, most analyses of mental health impacts of AHTO have accounted for only a few possible confounders. For example, Ferris et al. [8] only included key demographic covariates (sex, age, partnership status, employment status, education) and the respondent's own drinking, and Livingston et al. [15] and Casswell et al. [9] included similar covariates. Our own work, while including more possible confounders, is no exception to this critique: Greenfield et al. [6] included key demographics (sex, race/ethnicity, age, marital status, poverty, employment status, education), the respondent's own drinking (12-month volume, past-year maximum) and family history of alcohol problems; Karriker-Jaffe et al. [5] included a similar set of covariates. In addition to these important constructs, the most recent NAS contains detailed information about many possible confounders that may be related to both AHTO and mental health, including whether someone has a history of child and/or adult physical and/or sexual abuse [13, 16] , the respondent's own substance use and dependence, impacts of the recent economic recession (which may be particularly relevant to occurrence [4] and effects of financial troubles due to someone else's drinking) and experiences of racial/ethnic discrimination (which could be relevant to assault by someone who has been drinking, although no known studies have addressed this issue).
To begin to address this limitation of the extant literature, in the current study, we use data from the 2015 NAS to re-examine two serious AHTO shown previously to be associated with mental health. As this is one of the first studies to apply PS methods to this research question, we focused upon financial troubles and assault, given the severity of these types of harms and our prior work showing associations of each with recent distress [6] . The present analyses included preliminary regression models adjusting for a broad range of possible confounders, as well as a set of models applying PS weights estimated using generalized boosted models (GBM) to balance a wider range of possible confounders across groups, thereby creating a situation in which those harmed by others' drinking are statistically similar to a weighted sample of those who are not so harmed in order to isolate the association between reported exposure to AHTO and potential mental health outcomes [17] [18] [19] . Thus, study aims were to extend prior research by using the GBM-based PS approach to:
1. Estimate associations between financial troubles due to someone else's drinking with mental health (respondents' self-reported quality of life, distress and positive affect); and 2. Estimate associations between assault and/or physical harm caused by someone who had been drinking with respondents' mental health.
Based on prior research, we expected financial troubles caused by known heavy drinkers to have a stronger relationship with mental health than assault. We disaggregated the cases of assault to analyze separately those perpetrated by drinking intimates (partner/spouse or family member; 40% of those reporting assault/physical harm) and by drinking others (friend/coworker or stranger; 60%). Based on prior studies [5, 8] , we expected that the former would be more distressing than the latter.
METHODS

Data set
We used data from the 2014-15 National Alcohol Survey, which utilized computer-assisted telephone interviews conducted with a representative sample of US residents aged 18 years and older who were either English-or Spanishspeaking. The sampling design included random-digitdialed samples of adults reached by landline and cellular telephones, as well as geographically targeted oversamples of Black/African American and Hispanic/Latino (hereafter, Black and Hispanic, respectively) adults. Further survey details are provided elsewhere [5] . The Institutional Review Boards of the Public Health Institute (Oakland, CA) and the fieldwork agency (ICF, Inc., Fairfax, VA) approved study protocols. Cooperation rates for respondents confirmed to be eligible (COOP4) were 52.0% for the cell phone and 38.7% for the landline subsamples, with response rates (RR4) of 27.3 and 16.1%, respectively [20] . Data from groups of randomly selected phone numbers, including complete interviews as well as refusals and other nonparticipants, showed no association between groups' survey completion rates and prevalence of past-year drinking [5] . Among those who started the interview, respondents who completed the interview (n = 5632) were less likely to be Black and more likely to be college-educated, highincome and/or from a family with a history of alcohol problems than respondents who did not complete it (n = 991). There were no differences in completion by gender, age, past-year drinking or past-year AHTO (any versus none). The current analysis includes all respondents with data on AHTO and mental health (n = 5619).
Measures
Predictor group classification
The key predictors were (a) having 'financial trouble due to someone else's drinking' in the past year and (b) being 'pushed, hit or assaulted by someone who had been drinking' and/or being 'physically harmed by someone who had been drinking' (asked separately) in the past year. We assessed the perpetrator of each type of harm, including (a) intimate perpetrators (spouses, boyfriends/girlfriends and family members including parents, siblings, children, other relatives) and (b) friends, co-workers and strangers. Almost all respondents who reported financial harms indicated that these were caused by a drinking partner/spouse (62%) and/or family member (32%). Assaults were attributed most commonly to strangers, and physical harm was attributed most commonly to drinking spouses and/or strangers. Fewer than half (42.7%) the respondents reporting assault reported physical harm, and most (77.6%) respondents reporting physical harm also reported assault.
Analyses involved comparisons of 76 respondents reporting financial troubles due to someone else's drinking during the past year or of 192 respondents reporting assault/physical harm by someone who had been drinking with those respondents reporting no harm due to someone else's drinking during the past year (n = 4625 for financial harm; 4623 for assault). We excluded cases who reported experiencing some other type of AHTO in the past year (n = 918 for financial harm; 804 for assault); this heterogeneous group included people reporting harms such as property damage/vandalism, traffic accidents or feeling threatened/afraid of someone who had been drinking [5] .
Outcomes
Quality of life was a single-item measure ('how would you rate your quality of life?'), summarizing respondents' subjective wellness and life satisfaction in general [21] . This item showed good construct validity in a sample of people affected by substance abuse disorders [21] . Response options were excellent, very good, good, fair and poor. The most frequent response (32.9%) was 'very good', with 14.2% of respondents reporting either fair or poor quality of life. High scores (range 1-5) indicated better quality of life.
Distress was measured using a four-item screener (Patient Health Questionnaire-4 [22] ), including two questions assessing core diagnostic criteria for depressive disorders and two questions assessing core criteria for generalized anxiety disorder [23] . We classified respondents as positive for depression and/or anxiety (versus negative for both). A small group (4.8%) screened above clinical guidelines for distress (2.5% with depression, 3.3% with anxiety) during the past 2 weeks. Distress is associated negatively with, but distinct from, quality of life [21] .
Positive affect was based on two items from the CES-D scale [24] . The questions assess how often respondents 'felt happy' and 'enjoyed life' during the past 2 weeks. Response options ranged from not at all to nearly every day. Scores were averaged (range = 1-4); higher scores indicated greater positive affect [mean = 3.54; standard deviation (SD) = 0.8]. Positive affect is associated with resilience and use of adaptive coping strategies in response to stress [25, 26] .
Possible confounders
See Tables 1 and 2 Substance use variables were past-year drinking maximum; frequency of drunkenness in past year; past-year count of DSM-5 symptoms of alcohol use disorder (AUD; range = 0-11) [27] ; whether respondent has been to alcohol/drug treatment or is in recovery; frequency of marijuana, other drug and tobacco use in the past year; and past-year count of drug problems (range = 0-3) [28] .
Early-life living situations and adverse experiences included family history of alcohol problems, family structure during childhood, mother's highest level of education, physical and sexual abuse during childhood [29] and physical and sexual abuse since age 18 [29, 30] .
Other possible confounders were frequency of racial/ ethnic discrimination [31] (never, once, two to three times, four or more times); average score on a three-item scale of racial stigma consciousness (range = 1-4; higher scores indicate greater perceived stigma) [32] ; score on a four-item impulsivity/sensation-seeking scale (range = 1-4; higher scores indicate greater impulsivity) [33] ; body mass index (categorical); level of exercise; religious characteristics [34] (affiliation, importance and whether religion is unfavorable toward alcohol); and region of the country, classified according to Kerr [35] with state groupings based on alcohol consumption.
Analysis
We compared mental health of those reporting AHTO with a comparison group that did not report any AHTO in the past year, with the latter group weighted to be statistically similar to the group reporting AHTO. We used the average treatment effect among the treated (ATT) [18, 36] . To estimate ATT, each group reporting a given type of AHTO was compared with the group without any harm [36] ; we conducted separate analyses (i.e. one for financial harms, another for assault/physical harm), with each using a single PS calculated specifically for the target comparison. Given the long list of potential confounders, generalized boosted models (GBM) [36, 37] implemented in the TWANG package in R [38] were used to estimate the PS model of harm (versus no harm) and obtain weights for an inverse probability of treatment weighted (IPTW) estimation. PS weighting using GBM uses iterative procedures based on regression and classification trees, and thereby avoids the more subjective model selection process common in traditional parametric logistic regression analysis. Using GBM as an automated data-adaptive algorithm has more desirable properties over traditional PS model estimation based on parametric linear logistic regression [37] , especially when using higher-order interactions and polynomials, and in terms of prediction error [39, 40] . GBM also automatically creates indicator variables for missing values on confounders, includes them in the regression tree estimation and evaluates the balance of those indicator variables after PS weighting [36, 38] . We began the GBM algorithm with a single simple regression tree [36, 37] for an initial PS model of harm (such as financial harm) compared with no harm, adding a new regression tree at each iteration to best fit the residuals of the model from the previous iteration. During the iteration process, we included up to quartic polynomials and fourway interactions [41] , and we specified a maximum of 50 000 iterations. In general, as more regression trees are added, a stopping rule must be used to avoid overfitting and to determine the optimal number of iterations for the final PS model. We used the absolute standardized mean difference (also called standardized bias or effect size) between the PS weighted distributions of the covariates in each treatment condition as our balance metric for each covariate at each iteration, with the mean of those covariate balance metrics calculated across covariates as the summary statistic for measuring model fit. Given a sufficient number of iterations, the mean of the balance metrics will generally decrease to an optimal number of iterations before increasing again; thus, the final model can be determined by the iteration associated with the lowest mean.
In the final model, we considered a standardized mean difference with absolute value greater than 0.20 after PS weighting (i.e. a small effect size [42] ) to be evidence of imbalance. Covariates that remained unbalanced after PS weighting were added into the model to estimate the causal effects of harms. This is called double-robust estimation [43, 44] . Double-robust estimation has advantages over traditional PS weighting alone, including yielding consistent estimates of the treatment effect if either the model for the outcome or the propensity score model is correct [43] . An additional strength of PS approaches is that they 'Only heterosexual' compared to all others, including 'mostly heterosexual', bisexual, 'mostly homosexual', 'only homosexual'. SD = standard deviation; BMI = body mass index.
are well-suited to situations in which effects of an exposure (reports of AHTO) may be both confounded and moderated by substantive covariates [45] ; these could include earlylife and adult adverse experiences such as physical or sexual abuse in particular.
For comparison with the PS weighted estimates of ATT, and to show the strength of associations between confounders and the mental health outcomes, we also present unadjusted bivariate and adjusted multivariable regression results. For model parsimony, the final adjusted regression models only contain covariates associated with the outcome at P < 0.10. Tables 1 and 2 show distributions of confounders that were unbalanced between the two groups before and after applying the PS weights. As evident in the tables, a great many of the possible confounders were not balanced when comparing those reporting AHTO with the unweighted comparison group who had not reported any type of harm due to someone else's drinking in the past year. After PS weighting this imbalance was reduced, although several possible confounders remained unbalanced. For financial harm, after PS weighting, in addition to some key demographics such as age and socio-economic status, the respondent's own heavy drinking and AUD symptoms, other substance use and drug problems, treatment and recovery status, whether they grew up in a two-parent household, experiences of physical abuse and childhood sexual abuse, experiences of racial/ethnic stigma and impact of the recent recession remained unbalanced. For assault, after PS weighting, the respondent's age, heavy drinking (maximum number of drinks/day and frequency of drunkenness) and AUD symptoms, other substance use and drug problems, experiences of physical abuse since age 18 and impulsivity/sensation-seeking remained unbalanced.
RESULTS
For financial harm, both bivariate and adjusted multivariable regression models showed significant associations of AHTO with all three mental health outcomes (see Table 3 ). Results from the adjusted multivariable regression models (including coefficients for covariates) are presented in Supporting information, Tables S1-S3. Significant associations of financial harm with reduced quality of life, increased distress and less positive affect remained after PS weighting, with these relationships also seen for reduced quality of life and increased distress in the double-robust models containing the unbalanced confounders. In the double-robust PS weighted models, the following confounders were associated with mental health (all P < 0.10; confounders varied slightly by outcome): age, marital status, income below poverty, impact of the recession, respondent's maximum number of drinks/day or frequency of drunkenness, AUD symptoms, drug problems, whether they grew up in a two-parent household and sexual abuse in childhood.
For assault, unadjusted bivariate regression models showed significant associations of AHTO with all three mental health outcomes; significant associations only remained for assault with increased distress in adjusted regression models (Table 3) . Results from the adjusted regression model for distress are shown in Supporting information, Table S4 . After PS weighting, the associations with assault were significant for reduced quality of life and increased distress, but these were not significant in the double-robust PS models.
Findings varied substantially when looking at the different perpetrators of assault (Table 3) . For partner/familyperpetrated assaults, unadjusted bivariate regression models showed significant associations of AHTO with all three mental health outcomes; significant associations remained for partner/family assault with increased distress in adjusted regression models. Results from the adjusted regression model for distress are shown in Supporting information, Table S5 . Significant associations of partner/family assault remained after PS weighting, but these were not significant in the double-robust models.
For stranger/friend-perpetrated assaults, unadjusted bivariate regression models showed a significant association of AHTO with reduced quality of life, greater odds of distress and reduced positive affect. However, none of the mental health outcomes were associated significantly with stranger/friend assault in adjusted regression models or in models using PS weights.
DISCUSSION
In this US sample, there were stronger relationships of poor mental health with financial troubles due to someone else's drinking and with assaults perpetrated by intimates (spouses, other partners or family members) than with those perpetrated by friends or strangers. These relationships were evident in analyses using PS weighting to account for a large group of possible confounders, including early-life and more recent hardship and abuse, respondents' own substance use, and many other important covariates.
Our results extend findings from recent Australian studies [8, 15] , which focused upon negative impacts of respondents' relationships with heavy drinkers on personal wellbeing and health-related quality of life. Our findings also advance beyond our prior work in this area [5, 6] in several ways: (1) we compared the associations of exposure to distinct harms caused by someone who had been drinking using rigorous analytical methods to adjust for possible confounders; (2) we examined several indicators of mental health; and (3) we included the source of the harm. In these GBM-based PS models, findings suggest there are greater impacts from assault and physical harm attributed to drinking intimates than to drinking strangers or friends. This counterfactual comparison provides stronger evidence of detrimental effects of harm from these intimate perpetrators than has been found in prior studies, such as one from Australia that noted slightly elevated, but not significantly different, rates of distress (depression or anxiety) among people harmed by a partner (42%) or close family member (35%) than a co-worker (25%) [8] .
Current mental health status and AHTO also may be related in part to persistent and ongoing life stressors. Because several confounders could not be balanced between the two groups (those reporting AHTO and those who did not report such harms in the prior year), more research is needed to describe the ways early life circumstances affect adults' mental health later in the life-course. As others have argued [46] , we need more mental health screening and treatment. This issue may be particularly acute for women, as they made up the majority of the sample reporting financial harms due to someone else's drinking (71%), and this was the type of harm associated most strongly with worse quality of life and mental health. We also note that more than a quarter (28%) of those who reported financial harm also reported being assaulted or physically harmed by a spouse or family member, and another 51% reported some other harm perpetrated by a spouse or family member, which suggests these harms do not occur in isolation. Women often are unable to leave relationships where they are financially dependent upon their spouse or partner [47] . The additional burden on women posed by a partner's alcohol problems deserves further attention in treatment interventions, as well as in policies to prevent such alcohol-related harm, as mental health status is worse for victims living with a heavy Tables S1-S2 for adjusted regression models for financial harm and partner/family assault/physical harm. Covariates retained in the regression models met P < 0.10 threshold; those retained in the propensity score (PS) weighted model had a standardized mean difference >|0.20|after weighting. CI = confidence interval; OR = odds ratio; SE = standard error.
drinker than for people less exposed to such drinkers [9] . Future work also should employ PS analyses comparing mental health outcomes for multiple types of AHTO within a family system (such as financial harm, assault, other marital/family problems, property damage and other types of harm), as this type of comparison was beyond the scope of our study. Because our study is cross-sectional, causality cannot be determined. However, the AHTO items referenced the previous 12 months, while the distress and positive affect items referenced the prior 2 weeks; quality of life, however, was assessed in general terms (that is, without a specified time-frame and not specifically in reference to mental health) and is assumed to reflect respondents' current situations. It is likely that most of these outcomes were assessed following, rather than before, the experience of alcohol-related harm. However, it also is possible that people experiencing mental health problems may be targeted as victims by heavy drinkers. Another important note is that there is limited statistical power for evaluating certain types of rarely occurring harms, even with the large sample. Due to the limitations of survey research, our findings may not be representative of certain population subgroups at elevated risk of AHTO, such as young adults or people with severe substance use problems. It is possible that some harms, particularly those involving assault or injury perpetrated by intimate partners, may be under-reported due to social desirability and/or legal concerns [48] . There also may be limitations to surveyelicited reports of confounding variables, such as illicit drug use or childhood victimization. Other possible confounders, such as physical health conditions, are important to examine in future studies. Despite these limitations, the use of the GBM-based PS weighting method provides a stronger counterfactual comparison for AHTO exposure than in prior research, addressing a much wider range of potential confounders than heretofore. Future surveys should collect detailed information about factors associated with both AHTO and mental health, including early-life adverse experiences and family structure, as well as adult experiences of hardship, discrimination and alcohol and drug problems, in order to estimate more accurately the population burden of AHTO.
CONCLUSION
Using PS weights to account for a broad range of possible confounders, findings suggest there are significant mental health impacts of serious AHTO such as financial troubles because of someone else's drinking. Interventions to reduce alcohol-related harms should emphasize minimizing financial problems caused by others' drinking in order to benefit the public's mental health.
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Adjusted regression model for association of quality of life with financial harm due to someone else's drinking. Table S2 Adjusted regression model for association of distress with financial harm due to someone else's drinking.
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Adjusted regression model for association of positive affect with financial harm due to someone else's drinking. Table S4 Adjusted regression model for association of distress with being assaulted or physically harmed by someone who had been drinking. Table S5 Adjusted regression model for association of distress with being assaulted or physically harmed by spouse or family member who had been drinking.
